LH power modulation was recently used at JET to quantify experimentally the LH current drive efficiency and power deposition. A new approach was applied for the analysis of the amplitude and phase of electron temperature T e perturbations δT e (kω o ) at different harmonics k of the modulation frequency wo. A solution of the Fokker-Planck equation combined with heat transport modelling was used to study the dependence of the ratio of the perturbation of different harmonics k and n, δT e (kω o ) / δT e (nω o ), and the phase shift of the harmonics δφ(kω o ) on the plasma parameters and electron distribution function plateau width, which is directly connected to the current drive efficiency.
Preprint of Paper to be submitted for publication in Proceedings of the 18th Topical Conference on Radio Frequency Power in Plasmas, Gent, Belgium. LH power modulation was recently used at JET to quantify experimentally the LH current drive efficiency and power deposition. A new approach was applied for the analysis of the amplitude and phase of electron temperature T e perturbations δT e (kω o ) at different harmonics k of the modulation frequency wo. A solution of the Fokker-Planck equation combined with heat transport modelling was used to study the dependence of the ratio of the perturbation of different harmonics k and n, δT e (kω o ) / δT e (nω o ), and the phase shift of the harmonics δφ(kω o ) on the plasma parameters and electron distribution function plateau width, which is directly connected to the current drive efficiency.
The results of the modelling were compared with the experimental data to estimate the current drive efficiency. In addition, LH power deposition profiles were deduced from the radial dependence of δφ(ω o ). The maximum of the LH power deposition becomes more peripheral and with a reduced current drive efficiency at higher densities. In H-Mode plasmas, at pedestal densities above the LH accessibility limit, a large fraction of the power is absorbed beyond the separatrix. Finally, the experimental power deposition profiles are more peripheral than the calculated ones obtained from combined ray tracing and Fokker-Planck Plank modelling. The experimental results indicate that the LH power spectrum in the plasma is modified, with more power in the high N || components. was measured with the ECE diagnostic in the region of large optical depth τ>>1. Figure 1 shows the modulated LH power, the time variation of T e at different radii, the phase shift between the electron temperature and modulated LH power δφ Fig.1e for R>3.7m.
EXPERIMENTAL OBSERVATIONS
The calculation of δφ (ω o ) and A (ω o ) is not valid in this region.
The maximum of the power deposition profile correlates with the maximum of the profile of δφ (ω o ). Heat transport modelling with TRANSP and JETTO shows [2] that the LH power deposition profile is peaked in the vicinity of max (δφ (ω o )) with a small possible shift (a few cm) towards the plasma core. The maximum is broad with a half width of the order of half the minor radius. Figure   2 shows the location of max (δφ (ω o )) for a series of pulses at different magnetic fields and densities.
ANALYSIS OF THE DATA
A new approach has been proposed in this work to deduce the current drive efficiency by analysing the spectral characteristics of the phase δφ (kω o ) and the amplitude δT e (3ω o ), δT e (ω o ) of T e perturbations. when using modulated LH power. Transport analysis showed that in the case of pure heat transport the maximum phase delay of the first harmonic max (δφ tr (ω o )) should vary between -π/2 for χ e → 0 and -π/4 for χ e → 0 . In the example shown in Fig.1(c) we find however max (δφ tr (ω o )) = -1.8, which is outside the limiting values given above. The difference can be explained by the fact that the launched LH waves interact primarily with fast electrons. These electrons transfer power to the bulk electrons with some delay τ ∝ (1/v e ) (V/V th ) 3 increasing with the velocity of the electrons V, where e v is the collisional frequency of the thermal electrons. shows that the modelled power deposition profile is shifted to the plasma core with respect to the measured power deposition profile.
CONCLUSIONS
LH Power deposition profiles were deuced by analyzing the spectral characteristic of T e perturbations using LH power modulation. The peak of the profiles moves towards the periphery and current drive efficiency decreases when density increases as deduced from the transport and 2D relativistic
Fokker-Plank modelling of the experiment. Power absorbed in the plasma becomes small when pedestal density reaches the accessibility limit. A standard ray-tracing and Fokker-Plank modelling predict more central profiles and higher current drive efficiency than found in the experiment.
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